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Apical localization of the Na-K-Cl cotransporter, rBSCI, on rat thick
ascending limbs. A bumetanide-sensitive Na-K-Cl cotransporter (rBSCI)
was recently cloned from a rat renal outer medulla (OM) cDNA library
and shown to be expressed predominantly in the kidney [11. The purpose
of the present study was to examine the nephron distribution of cotrans-
porter transcripts and protein in rat kidney. In Situ hybridization showed
an intense signal only in the Outer medulla and extending along cortical
medullary rays consistent with expression of rBSC1 transcripts in medul-
lary (MTAL) and cortical (CTAL) thick ascending limbs. Polyclonal
antibodies raised in rabbits against a unique 67 amino acid segment from
the carboxyl terminus of rBSCJ identified a broad major band of 130 to
160 (midpoint of 150) kDa and at least two minor bands of 50 to 70 kD on
Western blotting of homogenates from cortex (C) and outer medulla
(OM), but not inner medulla (TM), of rat kidney. Thus the Na-K-Cl
cotransporter protein detected by the polyclonal rBSCI antibody in rat
kidney was similar in size to the major —150 kD bumctanide binding
protein detected by others in mouse and dog kidneys. Immunofluores-
cence studies using the anti-rBSC] polyclonal antibody on rat kidney
sections showed an intense signal limited to apical surfaces of MTAL and
CTAL segments. Colocalization with anti-Tamm-Horsfall antibody which
is present in all TAL cells except macula densa cells confirmed the absence
of anti-rBSCI fluorescence in the macula densa cells. These results are
consistent with rBSCI encoding the, or the major isoform of the, apical
Na-K-Cl cotransporter in the thick ascending limb. The Na-K-Cl cotrans-
porter functionally detected in macula densa cells may be encoded by a
different BSC isoform.
Electroneutral, bumetanide-sensitive Na-(K)-Cl cotransport
has been demonstrated in a wide variety of tissues where it is
involved in fluid secretion and reabsorption and the cellular
responses to osmotic challenge [reviewed in 2—41. In the nephron,
luminal Na-(K)-Cl cotransport in the relatively water-imperme-
able thick ascending limb of Henle (TAL) plays a critical role in
both concentrating and diluting the urine. Physiological studies in
the mammalian kidney have shown that luminal Na-(K)-Cl co-
transport is limited to the medullary and cortical TAL [5—7].
Recently, cDNAs encoding several Na-Cl and Na-K-Cl cotrans-
porters have been isolated from the kidneys of rat [1], mouse
[8, 9], and rabbit [10], and form a new family of electroneutral
Na-(K)-Cl cotransporters. Xenopus laevis oocytes injected with
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cRNA transcribed from the rat rBSCJ [1] or mouse mBSCJ [8]
cDNAs express bumetanide-sensitive Na-K-Cl cotransport activ-
ity [1, 8]. Two other cDNAs have also been recently isolated, one
from shark rectal gland [10] and the other from a mouse inner
medullary collecting duct (IMCD) cell line [11], that encode
members of the electroneutral Na-(K)-C1 cotransporter family.
The former appears to encode the Na-K-Cl cotransporter present
in basolateral membranes of the chloride secretory cells of the
rectal gland and transcripts of the latter are found in IMCD and
certain nonepithelial cells [11]. We have previously shown on
autoradiograms of rat kidney that transcripts of the Na-K-Cl
cotransporter, rBSCI, are expressed in a pattern consistent with
localization in TAL segments [1]. This suggested that rBSC1 may
encode the, or a component of the, apical Na-K-Cl cotransporter
in TAL. To assess this possibility, we have now assessed the
specific localization of rBSCJ transcripts in rat kidney by in situ
hybridization. In addition, we generated a polyclonal antibody
against a carboxy-terminal fragment of the rBSC1 cotransporter
protein and used this antibody to determine the size the cotrans-
porter protein and to examine the distribution of the Na-K-Cl
cotransporter protein in the rat kidney by immunofluorescence.
These studies show that rBSCJ protein is expressed only in thick
ascending limbs. The rBSCJ polyclonal antibody detected a major
protein of —150 kD which is essentially identical to that previously
determined by bumetanide or [3H]BSTBA binding [12—141. More-
over, immunofluorescence using this rBSCJ antibody was detected
only on apical membranes of TAL segments in rat kidney.
Interestingly, macula densa cells were not stained with this
antibody. The implications of these studies are discussed.
Methods
In situ hybridization
Sense and antisense 35S-labeled cRNA probes were synthesized
from full-length rBSCJ (nucleotides 1-4612) and alkaline hydro-
lyzed to products of approximately 100 nucleotides in length as
described previously [1, 15, 16]. Kidney tissue was prepared as
described previously [1, 15—171. Briefly, adult male Sprague-
Dawley rats weighing 300 to 350 g were anesthetized with
pentobarbital, and perfused transcardially with phosphate buff-
ered 4% paraformaldehyde. The kidneys were removed, cut
parasagittally, post-fixed with ice-cold 4% paraformaldehyde,
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immersed in 30% ice-cold sucrose for 48 hours, stored in isopen-
tane solution at —80°C. Five to 7 jim cryosections were hybridized
overnight at 50°C in a solution containing 2 X 106 cpm of probe,
10% dextran sulfate, 0.3 M NaCI, 20 mM Tris-HC1 (pH 7.4), 10 mM
NaH2PO4, 5 mivi EDTA, lx Denhardt's, 500 jig/mI total yeast
RNA, and 50% formamide and then washed with 5X standard
saline citrate (SSC) containing 10 mi dithiothreitol (DTT) at
50°C >< 30 minutes, 50% formamide, 2 >< SSC and 10 m'vi DTT at
50°C X 20 minutes, and then twice with 0.4 M NaC1 with 5 mM
EDTA and 10 mvi TrisHCl (pH 7.5) at 37°C X 10 minutes. The
tissue sections were treated with a solution of ribonucleases A (40
jig/ml) and Ti (2 jig/mI) (Boehringer Mannheim, Indianapolis,
IN, USA) at 37°C for 30 minutes and then 10 mM DTT at 37°C X
five minutes, 2% SSC at 37°C X 15 minutes and 0.1% SSC )< 15
minutes. Ethanol dehydrated tissue slices were dipped into Kodak
NTB2 emulsion, exposed for 7 to 10 days at 4°C, and counter-
stained with hematoxylin-eosin.
In vitro translation
A total of 2.5 jig of rBSC1 eDNA was transcribed and
translated in vitro using the TNT°° coupled wheat germ extract
systems (Promega, Madison, WI, USA) and [35S]-methionine
according to manufacturer's instructions. Reaction mixture was
incubated at 30°C for two hours after addition of [35S]-methio-.
nine. Protein products were resolved on 8% Laemmli SDS-
polyacrylamide gel electrophoresis [18], and 35S-labeled rBSC1
protein was detected by fluorography with EN3HANCE (Dupont
NEN, Boston, MA, USA)
Polyclonal antibody production
An isoform-specific polyclonal antibody was produced against
the carboxy-terminus of rBSCJ (amino acids 834 to 900). Antigen
was prepared in the pMAL-c2 plasmid according to the manufac-
turer's instructions (Protein Fusion and Purification System, New
England BioLabs, Inc., Beverly, MA, USA). rBSC1-maltose bind-
ing protein (MBP) fusion protein was isolated by amylose resin
and eluted with 10 m maltose according to manufacturer's
instructions, Rabbits were injected subcutaneously with the
rBSCJ-MBP fusion protein by HRP, Inc. (Denver, PA, USA).
Preimmune and immune serum were harvested and used in the
present studies.
Affinity purification of polyclonal antibodies
Cyanogen bromide coupled to sepharose beads (Pharmacia,
Piscataway, NJ, USA) was activated and linked either to the
fusion protein or to the maltose-binding protein. Immune serum
was incubated overnight at 4°C with cyanogen bromide sepharose
beads coupled to fusion protein, and specific antibodies eluted
from beads with 0.1 M glycine (pH 2.7). Cyanogen bromide
sepharose beads coupled to maltose-binding protein were used for
negative selection of antibodies to the maltose-binding protein.
Purified antibody was dialyzed against phosphate-buffered saline
(PBS) buffer and stored with 0.02% sodium azide and 0.1% BSA
at —20°C.
Western blots
Protein was extracted from whole, or sections of, kidneys from
Sprague Dawley rats or WBBF6I mice. Frozen kidneys were
pulverized in liquid N2, mixed with 2 ml of 5 mM Hepes/NaOH
(pH 7.5) containing 250 m sucrose, 0.2% NaN3, 0.1 mt phenyl-
methylsulfonyl fluoride (PMSF), and homogenized in 2 ml of PBS
buffer (pH 7.4), 1% Triton, 1% deoxycholate, 0.1% sodium
dodecyl sulfate (SDS), 0.1 mivi PMSF with 100 jig antipain and
100 jig leupeptin. After centrifugation at 30,000 g for 15 minutes,
the supernatant was stored at —80°C. Protein homogenates were
resolved by Laemmli SDS-polyacrylamide (6 to 10%) gel electro-
phoresis [181 and transferred in 25 mrvi Tris-HCI, 192 mM glycine,
25% methanol to a polyvinylidene difluoride (PVDF) membrane.
Prestained high range SDS-PAGE standards were used (BlO-
RAD, Hercules, CA, USA). The membrane was blocked for one
hour in 5% milk powder/TBST (10 mivi Tris-HCI, pH 8.5, 150 mrvi
NaC1, 0.1% Tween 20). The membrane was exposed to immune
serum or purified antibody diluted in 5% milk powderlTBST
overnight at 4°C and then to the second antibody [peroxidase
linked anti-rabbit Ig (Amersham Life Science, Arlington Heights,
IL, USA)] for one hour at room temperature. After washing in
TBST, antigen-antibody complexes were detected by autoradiog-
raphy using chemilumineseenee (ECL Western blotting analysis
system, Amersham Life Science). For immunoabsorption studies,
fusion protein was incubated with immune serum or purified
antibody at room temperature for one to three hours.
Antibody localization in kidney by immunofluorescence
Male Sprague-Dawley rats weighing 250 to 300 g were perfu-
sion fixed via the left ventricle with paraformaldehyde-lysine-
periodate (PLP) fixative [19]. Kidneys were sliced and post-fixed
overnight at 4°C in PLP. The tissue was washed in PBS then
cryoprotected by submersion in 30% sucrose in PBS overnight at
4°C. Tissues were imbedded in OCT (Miles, Elkhart, IN, USA)
and frozen in liquid nitrogen. Five micrometer frozen sections
were cut with a FRC RMC CMT-955A cryostat and thaw
mounted on Fisher Superfrost Plus or Probe On Plus slides.
For immunofluorescence tissue sections were incubated for 30
minutes in PBS with 1% BSA then incubated for three hours with
immune serum diluted 1:100 in PBS/BSA or with immune serum
and anti-Tamm-Horsfall antibody (anti-uromucoid, Organon
Teknika, Durham, NC, USA). Control sections were incubated
with pre-immune serum or immune serum immunoabsorbed with
fusion protein. Sections were washed with PBS containing 2.8%
NaCl followed by washes in standard PBS and then incubated for
one hour with fluorescein (FITC) labeled anti-rabbit antibody
(Vector Labs, Burlingame, CA, USA) or with FITC labeled
anti-rabbit antibody and Texas Red labeled anti-goat antibody
both made in donkey (Jackson Immunoresearch, West Grove,
PA, USA). diluted in PBS/BSA. Sections were washed as above
and mounted with Vectorshield mounting medium (Vector Labs).
Sections were photographed with a Nikon Labophot 2 microscope
using Kodak Tmax 3200 film.
Results
Localization of rBSCJ transcripts in rat kidney
In situ hybridization of adult rat kidney with the antisense
rBSC1 probe is shown in Figure lA-C. rBSC1 transcripts were
localized to intensely staining tubule profiles in both the inner and
outer stripes of the outer medulla and along medullary rays in the
cortex. No hybridization was detected in the inner medulla; in
fact, the positive signal ended abruptly at the outer-inner medul-
lary junction (Fig. 1B). In addition, some tubule profiles could be
seen to extend from the outer medulla well into the cortical
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Fig. 1. In situ hybridization of rat kidney. Photomicrographs of 35S-UTP labeled rBSC1 antisense cRNA probe on 5 to 7 jm rat kidney frozen sections
at moderate stringency (50°C, 2 >< SSC). Transcript localization is seen concentrated in the outer medulla (OM) and extending along what appear to
be cortico-medullary rays into the cortex (CO). No transcript is found in inner medulla (TM). (A) Low power view of whole kidney section (bar = 200
pm). (B) High power view of inner medulla and outer medulla (bar = 50 jrm). (C) High power view of outer medulla and cortex. A faint, homogeneous
background signal is seen using a sense probe under same conditions (previously published data [7]).
Fig. 2. Size of the rBSCI protein. Panels 1, 2, and 3 show Western blots of rat outer medulla protein (250 sg per lane, 8% SDS-PAGE) probed with
anti-rBSC1 polyclonal antibody. (Panel 1) Pre-immune serum, 1:5000 dilution in 5% milk powder/TBST, 90 seconds exposure. (Panel 2) Affinity purified
serum, 1:60 dilution, 12 minutes exposure. (Panel 3) Western blot of rat outer medulla protein (250 g) on 6% SDS-PAGE probed with affinity purified
polyclonal antibody at 1:40 dilution, 10 minutes exposure. (Panel 4) Fluorograph of in vitro translation products of rBSC1 (8% SDS-PAGE).
medullary rays (Fig. 1C). Little homogeneous background signal
was seen using the rBSC1 sense probe (not shown). This pattern
of hybridization is consistent with predominant, if not exclusive,
expression of rBSC1 transcripts encoding the Na-K-Cl cotrans-
porter in the thick ascending limb of Henle (both MTAL and
CTAL).
Characterization of the Na-K-Cl cotransporter protein and regional
localization in kidney
Figure 2 (panels 1 to 3) shows Western blots of rat outer
medulla protein. Several bands are seen using the affinity purified
antibody (panel 2) that are not detected with the pre-immune
serum (panel 1). The major band between 130 to 160 kD (Fig. 2,
panel 2) is clearly seen run at --150 kD in the 6% SDS-PAGE
(Fig. 2, panel 3). A single band at 120 kD and several faint bands
between 120 to 130 kD are also evident immediately below the
broad 150 kD band (Fig. 2, panel 2). Since the in vitro translated
and unglycosylated rBSC1 protein runs at --120 kD (Fig. 2, panel
4), these latter protein bands may represent different states of
glycosylation of the Na-K-Cl cotransporter, though they may
represent products of proteolysis. Finally, two distinct bands are
seen between 50 to 60 kD with affinity purified anytibody (Fig. 2,
panel 2).
The specificity of the --150 kD band was demonstrated by the
immunoabsorption studies shown in Figure 3. Preabsorbtion of
immune serum with the rBSCI-MBP fusion protein (FP), but not
with the maltose-binding protein (MBP) alone, resulted in loss of
the major —150 kD band on Western blot of protein isolated from
whole kidney (Fig. 3A). Similarly, using protein isolated from
outer medulla, the 150 kD band is not detected by affinity purified
Fig. 3. Immunoabsorplion of polyclonal antibody with specific protein. (A)
Western blots of rat whole kidney protein (750 jzg per lane, 8% SDS-
PAGE) focusing on the major band at —150 kD probed with pre-immune
serum (first lane), immune serum absorbed with the maltose-binding
protein (MBP) (second lane), and immune serum absorbed with the
rBSC1-MBP fusion protein (third lane); a band identical to that in the
second lane was seen with whole kidney protein probed with immune
serum (data not shown); (B) Western blot of rat outer medulla protein
(250 sgIlane) probed with affinity purified FP-2 polyclonal antibody alone
(first lane) and pre-absorbed with fusion protein (second lane).
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Fig. 4. Kidney mapping of anti -rBSCJ protein. (A) Western blot showing distribution of signal within the rat kidney and comparing rat whole kidney to
mouse whole kidney using 8% SDS-PAGE and probing with affinity purified polyclonal antibody at 1:60 dilution in 5% milk powder/TBST at six minutes
exposure. (Lane 1) rat whole kidney protein 500 g; (lane 2) rat kidney cortex protein 250 jsg; (lane 3) rat kidney outer medulla protein 250 g; (lane
4) mouse whole kidney protein 500 j.g. (B) Rat kidney cortex from A, overnight exposure. (C) Rat outer medulla protein compared to rat inner medulla
protein 75 pg protein per lane probed with affinity purified polyclonal antibody at 1:40 dilution, 15 minutes exposure.
antibody preabsorbed with the FP (Fig. 3B). The 120 to 130 kD
and 50 kD bands were also not detected in this immunoabsorption
(data not shown).
Western blots of protein extracts from whole kidney or distinct
regions of the kidney are shown in Figure 4. In rat kidney, the
pattern of protein expression (OM > Cortex; Fig. 4A, lanes 2 and
3, 4B and 4C) follows that of rBSC1 transcript expression seen in
Figure 1 and the relative density of TAL tubules in each of these
kidney zones. Outer medulla protein used in Figures 2 to 4
includes only the inner stripe where the vast majority of the
tubules are thick ascending limbs. (The chemiluminescence
method used in Western blotting can only show relative differ-
ences in signal intensity, not linear quantification.) The 120 to 160
kD protein bands in rat cortex are clearly seen on the longer
exposure shown in Figure 4B but are not detected in the blot of
inner medulla (Fig. 4C). The latter is consistent with the loss of
rBSC1 transcript signal on in situ hybridization in going from
outer to inner medulla (Fig. 1). The 50 to 70 kD bands, however,
appear to be more prominent in inner than outer medulla, and
suggests that these bands represent proteins not specifically
related to the apical Na-K-Cl cotransporter since rBSCJ tran-
scripts were not apparent in inner medulla (Fig. 1). The affinity
purified antibody also detects a broad 150 kD band in mouse
kidney, a finding consistent with the high similarity of amino acid
sequence between rat and mouse in the region to which the
antibody was raised (63 of 67 amino acid residues, 94%). The
greater intensity of this band in mouse than rat kidney (Fig. 4A)
is also consistent with the higher magnitude of Na-K-Cl cotrans-
port seen in mouse, than rat, TAL [201.
Localization of the Na-K-Cl cotransporter by immunofluorescence
in rat kidney
Distribution of rBSC1 in rat kidney by immunofluorescence
using the immune serum is shown in Figure 5. Pre-immune serum
(Fig. 5A) and serum immunoabsorbed with the fusion protein
(not shown) exhibited no significant fluorescence, while immune
serum showed intense fluorescence on an adjacent section of
outer medulla (Fig. SB). The flourescense signal is also seen in
long tubule profiles in cortical medullary rays (Fig. 5C). With
higher magnification (Fig. SD), it is clear that the staining is
limited to the apical membranes of CTAL tubules with adjacent
proximal straight tubules and cortical collecting ducts showing no
fluorescence. As with the rBSCJ transcript (Fig. 1), the distribu-
tion of rBSCJ protein ends abruptly at the outer-inner medullaiy
boundary (Fig. SE). Apical localization of rBSCJ protein is also
clearly seen in MTAL tubules in the higher magnification of outer
medulla (Fig. SF).
Because bumetanide-sensitive Na-K-Cl cotransport is found in
macula densa cells [21], we assessed whether rBSCJ is also
expressed in macula densa cells. The identity of thick ascending
limb versus macula densa cells was determined by staining with
anti-Tamm-Horsfall antibody which is known to label thick as-
cending limb, but not macula densa, cells [22]. The results of a
double-labeling experiment using both anti-rBSC1 and anti-
Tamm-Horsfall antibodies is depicted in Figure 6 which shows a
high magnification view of a glomerulus (g) with attached cortical
thick ascending limb (TAt) and macula densa (MD). Cortical
thick ascending limb cells stained with both the anti-rBSC1 and
Fig. 5. Kidney distribution of rBSCI protein. Immunofluorescent-tagged anti-rBSCI on rat kidney sections; (A) pre-immune serum; (B) immune serum
staining outer stripe of outer medulla (om) at junction with cortex (co); (C) junction of outer medulla and cortex showing cortical thick ascending limb
(CTAL) ascending in cortico-medullary ray; (D) high power view of cortico-medullary ray in cortex showing proximal tubule (pt) next to apically stained
CTAL; (E) inner medulla junction with inner stripe of outer medulla; (F) cross-section of tubules in outer medulla (A, B, C, and E, bar = 50 s; D and
F, bar = 12.5 p).
Kaplan et al: Localization of apical Na-K-Cl cotransporter 45
46 Kaplan et al: Localization of apical Na-K-Cl cotransporter
Fig. 6. Macula densa. Double labeling of rat kidney section showing juxtaglomerular thick ascending limb (TAL) with macula densa (MD) cells abutting
glomerulus (g). (A) stained with anti-rBSC1 immune serum and FITC-labeled secondary antibody; (B) stained with anti-Tamm-Horsfall and Texas
Red-labeled secondary antibody (bar = 50 es').
anti-Tamm-Horsfall antibodies (Fig. 6 A, B), while the macula
densa cells (the Tamm-Horsfall negative cells in Fig. 6B) exhib-
ited little to no staining with the anti-rBSCI antibody.
Discussion
Several lines of evidence presented in this and our previous
studies [1] suggest that rBSC1 encodes the (or at least a major
isoform of the) apical, bumetanide-sensitive Na-K-Cl cotrans-
porter in the mammalian thick ascending limb of Henle. First, as
we have shown previously, Xenopus oocytes injected with cRNA
transcribed from rBSCJ express a high activity of bumetanide-
sensitive, K- and CL-dependent 22Na uptake [1]. In the
present report, we have shown that rBSC1 transcripts localize to
the outer medulla and extends into the cortex along cortico-
medullary rays (Fig. 1) consistent with mRNA expression in the
TAL. In addition, immunoblot studies show that the major rBSCJ
protein is —150 kD, a size consistent with the —150 kD high-
affinity [3H]bumetanide and [3H]BSTBA-binding proteins identi-
fied in mouse and dog kidney [12, 13]. The latter protein was
suggested to be the Na-K-Cl cotransporter based in large part on
the requirement for Nat, K and CL for the binding of bumet-
anide [13]. Moreover, the overall pattern of rBSCJ expression on
Western blots (Figs. 2 and 4) and with immunoflourescense (Fig.
5) matches the distribution and relative abundance of TAL
tubules in the kidney. Finally, the apical localization of rBSCJ
protein in TAL tubules is consistent with the sidedness of
functional expression of the Na-K-Cl cotransporter in the TAL
[51
Payne and Forbush [23] recently identified three isoforms of
the rabbit renal Na-K-Cl cotransporter (NKCC2A, NKCC2B,
NKCC2F) with differential transcript expression between cortex
and medulla. This splicing alters the amino acid sequence around
the putative second membrane-helix, but would not be expected
to change the remainder of the protein or the molecular mass of
the cotransporter [23]. These three splice variations have also
been reported in the mouse [9] and it seems likely that they are
also present in the rat. The anti-rBSCJ polyclonal antibody
utilized in the present studies was generated against a segment of
the carboxyl terminus, and thus would not be expected to differ-
entiate among these splice variants. Likewise the in situ hybrid-
ization studies (Fig. 1) would also not differentiate among these
splice variations.
Several other protein bands were identified on the Western
blots shown in Figures 2 to 4. It seems unlikely that these bands
represent other identified members of the electroneutral Na-K-Cl
cotransport family since the region of rBSC] chosen for antibody
production diverges considerably from these other cotransporters
(that is, this segment is absent in the rTSC1 protein sequence,
which shares '—60% overall similarity with rBSCJ , and shares only
24% amino acid similarity with mBSC2, the putative Na-K-Cl
cotransporter cloned from a mouse IMCD renal cell line). The
'--120 kD band (Fig. 2, lane 2), however, may represent the
unglycosylated core protein based on the similar size of rBSCJ
protein determined by in vitro translation (Fig. 2). Given this
possibility, the bands seen between the 120 and 150 kD bands may
represent partially glycosylated forms with the —150 kD protein
being the fully glycosylated protein. Consistent with this possi-
bility, Reshkin et al [14] using [14C]-N-ethylmaleimide (NEM)
binding in a bumetanide protectable fashion isolated an —160 kD
protein from rabbit parotid which deglycosidated to a —135 kD.
Further, studies will be required to assess glycosylation of rBSC1.
Less clear is the significance of the 50 to 60 kD proteins
identified by the anti-rBSCJ antibodies. These antibodies recog-
nize at least two proteins of similar abundance in OM and cortex
(Fig. 4A), but of greater abundance in IM where the major 150 kD
band is not seen (Fig. 4C). The lack of an immunofluorescense
signal in the inner medulla (Fig. SE) also suggests that 50 to 60 kD
bands on Western blots (Fig. 2, lane 2; Fig. 4A) may represent
cross-reactivity of anti-rBSCJ antibodies with epitopes on unre-
lated proteins. Interestingly, Haas, Dunham and Forbush [131
identified a low affinity [3H]BSTBA-binding protein with a mo-
lecular mass of —75 kD in which [3H]BSTBA and [3H]bumet-
anide binding was not dependent on the presence of Nat, Kt or
CL as would be expected if it exhibited the ordered ion binding
to the Na-K-Cl cotransporter where bumetanide competes for the
second chloride binding site [24]. Moreover, there was a 10 to
20% reduction in [3H]BSTBA photolabeling in the —50 kD
region in the presence of 10 /LM bumetanide in dog kidney, but a
high background in this region may have prevented identification
of a specific protein [12]. Finally, a 52 to 54 kD bumetanide
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binding protein has been identified in rat liver, a tissue exhibiting
carrier-mediated bumetanide uptake [25]. It is possible that the 50
to 60 kD proteins recognized by the anti-rBSC1 antibodies may be
related to one or more of these proteins.
Macula densa cells are known to exhibit bumetanide-sensitive
Na-K-Cl cotransport [21] and bumetanide-inhibitable chloride
sensing plays an important part in the tubuloglomerular feedback
mechanism [26] and in renin release from the juxtaglomerular
apparatus [27]. Anti-Tamm-Horsfall antibody is a useful tool in
this regard since it is known to localize to the cortical TAL, but
not to cells of the macula densa [22]. As shown in Figure 6, the
anti-rBSCJ antibody failed to stain macula densa cells. Whether
the macula densa cells exhibit a level of cotransporter expression
below the limit of resolution of our fluorescence assay or express
a different isoform of rBSCJ remains to be determined.
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Note added in proof
Although rBSCI protein was not detected in rat macula densa cells in
Figure 6, anti-rBSCI antibody detected an apical signal in macula densa in
tissue sections denatured with SDS and 2-mercaptoethanol. The rBSCJ
signal in macula densa cells was clearly present after this treatment,
though it was not as strong as in surrounding CTAL cells.
References
1. GAMBA G, MJYANOSHITA A, LOMBARD! M, LY1rON J, LEE W-S,
HEDIGER MA, HEBERT SC: Molecular cloning, primary structure and
characterization of two members of the mammalian electroneutral
sodium-(potassium)-chloride cotransporter family expressed in kid-
ney. J Biol Chem 269:17713—17722, 1994
2. GECK P, HEINZ E: The Na-K-2Cl eotransport system. J Membr Biol
91:97—105, 1986
3. O'Gny SM, PALFREY HC, FIELD M: Characteristics and functions
of Na-K-Cl cotransport in epithelial tissues. Am J Physiol (Cell Physiol)
253:C177—C192, 1987
4. HAAS M: Properties and diversity of (Na-K-Cl) eotransporters. Ann
Rev Physiol 5 1:443—457, 1989
5. HEBERT SC, ANDREOL! TE: Control of NaCI transport in the thick
ascending limb. Am J Physiol (Renal Fluid Electrol Physiol) 246:F745—
F756, 1984
6. GREGER R: Ion transport mechanisms in thick ascending limb of
Henle's loop of mammalian nephron. Physiol Rev 65:760—797, 1985
7. WARNOCK DG, EVELOFF JL: NaCI entry mechanisms in the luminal
membrane of the renal tubule. Am J Physiol (Renal Fluid Electrol
Physiol) 242:F561—F574, 1982
8. BAEKGARD A, LOMBARD! M, HEBERT SC: Cloning and characteriza-
tion of the bumetanide-sensitive Na-(K)-Cl cotransporter from mouse
kidney outer medulla. (abstract) JAm Soc Nephrol 5:282, 1994
9. IGARASHI P, VANDEN HEUVEL GB, QUAGGIN SE, PAYNE JA, FORBU5H
B III: Cloning, embryonic expression, and chromosomal localization
of murine renal Na-K-Cl cotransporter (NKCC2). (abstract) JAm Soc
Nephrol 5:288, 1994
10. Xu J-C, LYTLE C, ZHU T17, PAYNE JA, BENZ E, JR., FORBUSI-! B III:
Molecular cloning and functional expression of the bumetanide-
sensitive Na-K-Cl cotransporter. Proc Natl Acad Sci USA 91:2201—
2205, 1994
11. DELP!Rv E, RAUCHMAN MI, BEIER DR, HEBERT SC, GULLANS SR:
Molecular cloning and chromosomal localization of a putative baso-
lateral Na-K'-2Cl cotransporter from mouse inner medullary
collecting duct (mIMCD-3) cells. J Biol Chem 269:25677—25683, 1994
12. HAAS M, FORBUSH B III: Photolabeling of a 150-kDa (NaKCl)
cotransport protein from dog kidney with a bumetanide analogue. Am
J Physiol (Cell Physiol) 253—22:C243—C250, 1987
13. HAAS M, DUNHAM PB, FORBUSH B III: [3H]Bumetanide binding to
mouse kidney membranes: Identification of corresponding membrane
proteins. Am J Physiol (Cell Physiol) 260:C791—C804, 1991
14. RESuKIN SJ, LEE SI, GEORGE iN, TURNER RJ: Identification, charac-
terization, and purification of a 160 kD bumetanide-binding glyco-
protein from the rabbit parotid. J Membr Biol 136:243—25 1, 1993
15. LEE W-S, KANM Y, WELLS RG, HEDIGER MA: The high affinity
Na'7glucose eotransporter: Re-evaluation of function and distribution
of expression. J Biol Chem 269:12032—12039, 1994
16. KANA! Y, STELZNER MG, LEE W-S, WELLS RG, BROWN D, HEDIGER
MA: Expression of mRNA (D2) encoding a protein involved in amino
acid transport in S3 proximal tubule. Am J Physiol (Renal Fluid Electrol
Physiol) 263:F1087—F1093, 1992
17. Yu ASL, HEBERT SC, LEE S-L, BRENNER BM, LYTrON J: Identifica-
tion and localization of the renal Na-Ca2 exchanger by the poly-
merase chain reaction. Am J Physiol (Renal Fluid Electrol Physiol)
263:F680—F685, 1992
18. LAEMMLI UK: Cleavage of structural proteins during the assembly of
the head of bacteriophage T4. Nature 227:680—685, 1970
19. McLE 1W, NAKANE PK: Periodate-lysine-paraformaldehyde fixa-
tive. A new fixative for immunoelectron microscopy. J Histochem
Cytochem 22:1077—1083, 1974
20. HEBERT SC: Nephron heterogeneity, in Handbook of Physiology,
edited by WINDHAGER EE, New York, Oxford University Press, 1992,
p 875
21. LAPOINTE J, BELL PD, CARDINAL J: Direct evidence for apical
Na:2Cl:K cotransport in macula densa cells. Am J Physiol (Renal
Fluid Electrol Physiol 258:F1466—F1469, 1990
22. HOYER JR, SISS0N SP, VERNIER RL: Tamm-Horsfall glycoprotein:
Ultrastructural localization in rat kidney. Lab Invest 41:168—173, 1979
23. PAYNE JA, FORBUSH B III: Alternatively spliced isoforms of the
putative renal Na-K-Cl cotransporter are differentially distributed
within the rabbit kidney. Proc NatlAcad Sci USA 91:4544—4548, 1994
24. M, MCMANUS TJ: Bumetanide inhibits (Na + K + 2C1)
co-transport at a chloride site. Am J Physiol (Cell Physiol) 245:C235—
C240, 1983
25. HONSCHA W, OrrALLAH M, SCHENK A, SCI-IUH K, PETZINGER E:
Separation and purification by two-dimensional gel electrophoresis of
a 52—54 kD bumetanide binding protein from rat liver plasma
membrane. Eur J Pharmacol 226:215—223, 1992
26. ITo 5, CARRETERO OA: An in vitro approach to the study of macula
densa-mediated glomerular hemodynamics. Kidney mt 38:1206—1210,
1990
27. LORENZ JN, WEII-IPRECHT H, SCHNERMANN J, SKOTT 0, BRIGGS JP:
Renin release from isolated juxtaglomerular apparatus depends on
macula densa chloride transport. Am J Physiol (Renal Fluid Electrol
Physiol) 260:F486—F493, 1991
